Celiac disease (CD) is a chronic inflammatory disease in the small intestine triggered by gluten uptake that occurs in genetically susceptible individuals. HLA-DQ2 protein encoded by HLA-DQA1*05 and DQB1*02 alleles is found in 90-95% of CD patients. All of the remaining patients carry HLA-DQ8 protein encoded by HLA-DQA1*03 and DQB1*03:02 alleles. Specific HLA-DQ genotypes define different risk for CD incidence. Presence of susceptible HLA-DQ genotypes does not predict certain disease development, but their absence makes CD very unlikely, close to 100%. Here we presented for the first time the distribution of HLA-DQ genotypes in the group of pediatric celiac patients from the University Children' s Hospital, Belgrade, Serbia and estimated risk for CD development that these genotypes confer. Seventy three celiac disease patients and 62 healthy individuals underwent genotyping for DQA1, DQB1 alleles and DRB1 allele. 94.5% of patients carried alleles that encode DQ2 protein variant and 2.7% carried alleles that encode DQ8 protein variant. Two patients carried single DQB1*02 allele. No patients were negative for all the alleles predisposing to CD. The highest HLA-DQ genotype risk for CD development was found in group of patients homozygous for DQ2.5 haplotype, followed by the group of heterozygous carriers of DQ2.5 haplotype in combination with DQB1*02 allele within the other haplotype. The lowest risk was observed in carriers of a single copy of DQB1*02 or DQA1*05 allele or other non-predisposing alleles. HLA genotyping, more informative than serological testing commonly used, proved to be a useful diagnostic tool for excluding CD development.
IntroductIon
Celiac disease (CD) is a chronic inflammatory disease in the small intestine induced by the ingestion of gluten. The only effective treatment for CD consists of a strict lifelong gluten-free diet. Estimated prevalence of CD is approximately 1% in Caucasian population [1] [2] [3] , but it is expected to be higher since the condition is greatly under-diagnosed. Many cases are subclinical. Earlier, celiac disease was recognized as a rare malabsorption syndrome in childhood, but taking into account the growing proportion of new cases diagnosed in adults, CD is now considered as common disorder that may arise at any age [4] [5] [6] . Celiac disease occurs more often in female than in male individuals, with a gender ratio of about 2:1 [7, 8] . It is more frequent among first-degree relatives of patients (prevalence ranging from about 3% to 17%) [2, 9] . Also, the high concordance rate (~75%) found among monozygotic twins further points out strong genetic contribution [10] .
Celiac disease has a multifactorial nature. Gluten macromolecules, consisting of the gliadin and glutenin subcomponents present critical environmental factor, while both HLA and non-HLA genes are thought to be predisposing genetic factors. In CD patients, the integrity of the tight junction system is weakened [11] , so poorly digestible gliadin can pass through the epithelial barrier, and interact with antigen-presenting cells in lamina propria [12, 13] . Gluten-reactive CD4+ T cells of intestinal mucosa in celiac patients recognize gluten peptides attached to HLA-DQ2 and HLA-DQ8 molecules and induce immune reaction.
Numerous studies have demonstrated that about 90-95% of CD patients express HLA-DQ2 protein, and nearly all of the remaining patients express DQ8 protein [14, 15] . These proteins are encoded by highly polymorphic HLA-DQ genes located at HLA class II loci on the short arm of chromosome 6 (6p21.3). HLA-DQA1 gene encodes α chain, while DQB1 [14] . Among the DQ2 heterodimer carriers, the risk of CD development has been shown to be increased in individuals homozygous for DQB1*02 allele [16, 17] . Also, homozygosity of alleles that contribute to DQ2 genotype was associated with the development of serious complications of celiac disease, indicating gene dosage effect [18] . Because 25-40% of the general population carries these HLA genotypes without developing CD, their presence is necessary but not sufficient for the development of the disease [19] . Given the strong association, HLA genotyping is routinely used as a genetic test for CD. Presence of susceptible DQ variants does not predict certain disease development, but their absence makes CD very unlikely with a negative predictive value close to 100% [20, 21] .
In this study, we presented for the first time distribution of HLA-DQ genotypes in a group of pediatric celiac patients from the University Children' s Hospital, Belgrade, Serbia. Also, we estimated the disease risk associated with different HLA-DQ genotypes. The aim of the study was to determine the frequencies of at-risk HLA-DQ genotypes in our group of CD patients.
MAterIAl And Methods

Patients and controls
For this study, 73 blood samples were obtained from children who were previously diagnosed as positive for celiac disease at University Children' s Hospital, Belgrade, Serbia.
The diagnosis of CD was based on the criteria of the European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) from 1989, i.e. on the characteristic pathohistological appearance of small bowel mucosa and clinical recovery on gluten-free diet, as well as on the confirmed clinical and/or morphological relapse during gluten challenge at age 5-7 years in those diagnosed before completed second year of life [22] . The patient group consisted of 54 females and 19 males and had median age of 12 (range at sample collection, while the mean age was 10.62 (SD-4.87). Group of 62 healthy individuals randomly selected from the general population, matched for gender and ethnicity with CD group, was used as a control sample (median age was 11, range 1-53; and mean age was 18.70, SD-15.03).
This study was approved by the Ethics Committee of University Children' s Hospital, University of Belgrade, and informed consent was obtained from each participant. If participant was a minor, parental or guardian' s consent was taken.
HLA genotyping
Genomic DNA was extracted from peripheral blood samples using GeneJET Genomic DNA Purification Kit (Thermo Scientific). All individuals were typed for DQA1, DQB1 and DRB1 genes by sequence-specific primer-polymerase chain reaction (SSP-PCR) method developed by Lavant et al. [23] . Three different primer mixes were used, each containing at least one locus specific common primer labeled with a fluorescent dye (NED for DQA1, VIC for DQB1 and FAM for DRB1) and allele specific primers for detection of DQA1 [23] . Each PCR reaction contained 4ng DNA, 0.25mM dNTPs (Thermo Scientific), 1xQiagen PCR Buffer, 1. o C. PCR reactions were diluted in water, 1:10 for PCR reaction 1 (primer mix 1), 1:20 for PCR reaction 2 (primer mix 2) and 1:5 for PCR reaction 3 (primer mix 3). Then, 1μl of each diluted PCR reaction was mixed with 9μl of 2.5% GeneScan TM 500 LIZ TM standard (Applied Biosystems, USA) in HiDi Formamide. Further, mixtures were denatured by a single heating step at 95 o C for 5 min prior to electrophoresis on 3130 Genetic Analyzer (Applied Biosystems), using Fragment Analysis Run Module. Detected fragment sizes were correlated to the LIZ-labeled internal standard peaks on the X-axis. Using GeneMapper Software v.4 (Applied Biosystems), alleles were easily identified due to their specific fluorescent dye and size. Because of the strong linkage disequilibrium between DQA1, DQB1 and DRB1 genes and fixed combinations, the HLA-DQ haplotypes can be deduced in individuals without family data with high probability [24, 25] .
Notation
The subjects were classified in genotype groups depending on the presence of at-risk HLA-DQ haplotypes. Classification method was accepted from previous studies [26, 27] . If the alleles DQA1*05 and DQB1*02 were present on a single chromosome (in cis configuration), haplotype was indicated as DQ2. 5 . If the DQA1*05 and DQB1*02 were inherited on separate chromosomes (in trans configuration), those were marked as α5/β2. In case that DQB1*02 allele was present in absence of DQA1*05 allele, haplotype was named β2. Also, DQA1*05 positive/DQB1*02 negative haplotype was labeled as α5. In individuals who lacked both DQA1*05 and DQB1*02 alleles, haplotypes were marked as X/X. Combination of DQA1*03 and DQB1*03:02 alleles on a single chromosome was indicated as DQ8 haplotype. Individuals with HLA-DQ2 encoding genotypes (DQ2.5/DQ2.5, DQ2.5/β2, DQ2.5/X, α5/β2) were denoted as DQ2 positive, while carriers of HLA-DQ8 encoding genotypes (DQ8/DQ8, DQ8/X) were denoted as DQ8 positive. For developing CD risk assessment, CD patients and controls were split into risk groups presented in Table 1 , depending on the presence of specific HLA-DQ genotypes [15] .
Statistical analysis
The distribution of HLA-DQ genotypes in patients and controls were analyzed by Fisher' s exact test using 2x2 contingency tables. All of the tests were performed as two-tailed and differences were considered statistically significant when p< 0.05. Risk of developing disease for specific genotype group was calculated as previously described [15] and presented relatively to the group with the highest risk, which value was denoted as 1.
results
In 73 children who were diagnosed with celiac disease and 62 controls, HLA variants were genotyped.
Frequency of each HLA-DQ genotype in CD and control group is presented in , respectively). The great majority of DQ2 positive patients carried at least one DQ2.5 haplotype (87.7%), and the rest were α5/β2 positive (6.8%). In CD group, two patients (2.7%) were negative for alleles that contribute to both DQ2 and DQ8 genotypes and carried only DQB1*02 allele (β2). No patient was negative for all the alleles predisposing to celiac disease. In the control group, among individuals lacking alleles that contribute to DQ2/DQ8 variants, 4.8% of subjects were β2 positive, 27.4% were α5 positive, and 24.2% lacked all the susceptible alleles. Negative association between CD development and α5 haplotype was observed (p=4.6x10 -7 ). Proportion of haplotypes non-related to CD was significantly higher in healthy in comparison with patient group (p=3x10 -6 ). Frequencies of alleles that contribute to DQ2 and DQ8 genotypes are summarized in Table 2B . 97.3% of patients were identified as carriers of alleles that contribute to DQ2 and/ or DQ8 variants, while in control group 43.5% carried those alleles. DQ2 variants were found in 94.5% of patients and 25.8% of controls, showing significantly higher proportion in patient group in comparison with the control group (p=9.6x10 -18 ). DQ8 variants were detected in 2.7% of patients, and in 17.7% of healthy individuals. Difference in frequencies of DQ8 carriers between CD and control group showed to be of statistical significance (p= 0.004).
Carriers of susceptible HLA-DQ genotypes were divided into genotype groups (Table 1) and risk for disease development was calculated ( Table 3 ). The gradient of genotype relative risk (GRR) was observed, being the highest in group 1 (DQ2.5/DQ2.5 genotype) (GRR=1.000), and followed by dIscussIon Celiac disease is a chronic inflammatory disorder triggered by gluten uptake that occurs in genetically susceptible individuals. Genetic elements in CD predisposition have been well elucidated, and it has been shown by numerous studies that the disease rarely develops in the absence of specific HLA-DQ alleles. It is reported that vast majority of patients with celiac disease carried HLA-DQA1*05 and DQB1*02 alleles, both encoding HLA-DQ2 protein. In nearly all of the remaining cases DQA1*03 and DQB1*03:02 alleles were found, both encoding HLA-DQ8 protein. Very rarely, CD patients carried genotypes that encode different HLA-DQ proteins [15] .
our study presented results of HLA genotyping in group of 73 celiac disease pediatric patients from the University Children' s Hospital, Belgrade, Serbia and 63 healthy individuals. we found that in our cohort 94.5% of CD patients carried DQA1*05 and DQB1*02 alleles, either in cis or in trans configuration. Results from this case-control study confirmed strong association of the presence of alleles that contribute to HLA-DQ2 genotype with CD development. This data is in concordance with the results obtained for CD patients from several European countries regarding HLA-DQ2 variants: in Scandinavian probands -92%; French -87%; Italian -84%; and in UK -88% [14, 15] . Two other Italian studies reported that 80.8% and 64% of Italian CD cohort carried HLA-DQ2 variants [26, 27] . Dissimilarity in the frequencies of carriers of HLA-DQ2 variants was observed, with the higher proportion of DQ2 positive patients in northern than in the southern European populations. Furthermore, it is noticed that proportions of patients who had DQA1*05 and DQB1*02 alleles in cis and the ones with the alleles in trans position were different, with distinct north-south gradient [15] . Precisely, in southern (France and Italy) populations, frequency of patients carrying the DQ2 in trans genotype was higher than in northern populations. Also, relative risk for DQ2 in trans genotype was higher compared to DQ2 in cis genotype. Proportion of carriers of HLA-DQ2 variants in our patient group, as well as frequency of DQ2 in cis (DQ2.5/X) and in trans (α5/β2) carriers was the most similar to the Scandinavian group [14, 15] . The observed differences could be explained by involvement of another genetic factor linked with HLA complex (MICA, TNF) subdividing the DQA1-DQB1 haplotypes in different at-risk subhaplotypes, some being more at risk than others [28] [29] [30] .
The highest HLA-DQ genotype relative risk (GRR) for CD in our cohort was associated with DQ2.5/DQ2.5 genotype carriers. Also, carriers of DQ2.5 haplotype with two DQB1*02 alleles (DQ2.5/β2 genotype) were in group with high relative risk. Recent large prospective study also confirmed that DQ2.5 haplotype homozygosity conferred the highest risk for CD and was associated with the earliest onset [31] . In our study, group of DQ2/non-DQ2 carriers (DQ2.5, α5/β2 genotypes) showed medium relative risk for CD. The lowest risk was detected in group of non-DQ2/non-DQ2 genotype carriers (DQ8, β2, α5, X/X genotypes). This data indicated dose effect for DQB1*02 allele, since groups with two DQB1*02 alleles showed higher GRR than groups with single DQB1*02 allele (Table 3) . Gene dosage effect for DQB1*02 allele has already been shown before [17] .
In Serbia, so far, involvement of specific DQ variants in CD susceptibility has been studied by serologic techniques only [32] . It was confirmed that the most frequent HLA protein variants in patients with CD in the northern Serbian region, Vojvodina, were DR3 and DQ2. However, serological HLA typing method could not reveal HLA haplotypes.
when presented results were compared with the data obtained from the groups closely related to our group (Croatian and Slovenian group), we noticed that proportions of at-risk HLA-DQ genotypes are similar. In Croatian CD group, frequency of patients positive for alleles that contribute to DQ2 genotype were 93.7%, similar to our group (94.5%) and slightly higher than in Slovenian CD group (88.8%) [33, 34] . Further, prevalence of carriers of alleles that contribute to DQ8 genotype were lower in our and Croatian CD group (2.7% and 4.8% respectively) compared with Slovenian CD group (8.8%). Also, Slovenian study identified one patient with proven CD lacking all susceptible HLA-DQ alleles, emphasizing the fact that CD patients completely negative for at-risk HLA-DQ alleles can be found as well. Risk of developing disease for specific genotype groups was calculated as a ratio of specific HLA-DQ genotype proportion in CD group and control group ((% of genotype in patients/% of genotype in controls) x probability to be affected in general population) and presented relatively to the group with the highest risk [15] .
Considering its multifactorial nature, CD is a rare example in which a genetic test is of great importance in clinical practice. It is recommended that clinicians should not classify patients only as DQ2 and DQ8 positive or negative, but must also consider the presence of DQB1*02 and DQA1*05 alleles alone [14] , regardless of their relative low risk for CD development. Recent study presented that even 5.8% of patients lacking HLA-DQ2 and HLA-DQ8 variants carried DQB1*02 allele, therefore this allele should be recognized as risk allele for disease occurrence [35] . It may be useful to consider HLA-DQ genotype gradient risk in selecting individuals who must undergo recurrent clinical and serologic follow-ups, especially in high-risk groups. As recent study suggested, screening of genetically susceptible infants can lead to a diagnosis of CD at a very early age [31] . Moreover, in estimating the CD risk, the role of non-HLA genes should be considered. Several genes in HLA non related loci, in particular genes included in the control of the adaptive immune response, have been identified as potential contributors to the CD [36] [37] [38] [39] . Also, it is important to note that in celiac disease risk estimation, apart from genotype data, records related to family history of this disease, along with gender and country of residence should not be disregarded [31] . conclusIon we presented for the first time the distribution of HLA-DQ genotypes in the group of pediatric celiac patients from the University Children' s Hospital, Belgrade, Serbia and estimated risk for CD development that these genotypes confer. New ESPGHAN guidelines for the diagnosis of CD confirmed that HLA genotyping can be used as an efficient adjunct in the CD diagnostic algorithm [40] . Negative predictive value of HLA genotyping proved itself as a useful tool for avoiding additional invasive diagnostic testing or to exclude risk in relatives and patients in high-risk groups.
